introduCtion
There is a marked scarcity of kidneys for transplantation and a high mortality among patients on the waiting list for kidney transplants. This problem is even more severe in India where deceased donor renal transplantation is still poor (constituting <5% of the total renal transplants [1] ), and dialysis treatment is far from adequate. [2] The extreme shortage of kidneys has led some centers to accept kidneys that carry elevated risks of transmitting infections. Most transplant teams often discard kidneys from donors with hepatitis C virus (HCV) infection if the recipients are HCV negative [3] because there is a high risk of transmitting HCV by organ transplantation as shown by Pereira et al. [4] With availability of direct-acting antiviral (DAA) therapy with high cure rates, we have successfully treated an HCV-positive end-stage renal disease patient after a combined liver and kidney transplant. [5] Therefore, we see no reason why kidneys from HCV-positive donors should not be accepted for HCV negative transplant candidates on maintenance dialysis. Indeed, Goldberg et al. [6] have shown that transplantation of HCV kidneys into HCV-negative recipients, followed by the use of DAA agents, can provide excellent allograft function with a cure of HCV infection. This prompted us to accept a kidney from a HCV-positive brain-dead donor for our HCV-negative recipient. To our knowledge, this is the first such case from India.
CasE rEport
A 53-year-old male with type 2 diabetes mellitus for 25 years was diagnosed with hepatitis C-positive chronic liver disease in 2007. His HCV infection was possibly due to blood transfusions he had received in the past.
In January 2011, his chronic liver disease decompensated. He was treated for HCV with interferon and ribavirin. His treatment was interrupted after 6 months as he developed intolerable side effects to the therapy.
On September 20, 2013, he underwent deceased donor liver transplant. He did not receive any induction immunosuppression except methylprednisolone. His maintenance immunosuppression was prednisolone, mycophenolate mofetil (MMF), and tacrolimus. Subsequently, steroids were discontinued and he was on MMF (250 mg twice a day) and tacrolimus (dose adjusted to maintain tacrolimus level around 5 ng/ml).
In September 2014, he developed edema. Evaluation revealed that he had nephrotic range proteinuria and microscopic
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Deceased donor kidney transplant, directly acting antiviral agents, hepatitis C virus positive, liver and kidney transplant hematuria. Serum creatinine was 1.18 mg/dl, and ultrasound of the kidneys was normal. Considering that he had no diabetic retinopathy and that he had diabetes for more than 25 years, a possibility of nondiabetic kidney disease was considered. The C3 complement level was 89 mg/dl; antinuclear antibody and cryoglobulins were negative. A percutaneous kidney biopsy was performed. Light microscopy revealed features of membranoproliferative glomerulonephritis, and immunofluorescence showed predominantly immunoglobulin M and C3 positivity in capillary glomerular loops. This was reported to be consistent with HCV-associated glomerulonephritis. The patient had persistent proteinuria, a relatively rapid rise in creatinine, and by January 2015, his creatinine had risen to 2.8 mg/dl.
In January 2015, the only DAA therapy which was available in India was sofosbuvir. Hence, the patient was treated with sofosbuvir and ribavirin to which he had an excellent response and by 12 weeks, his HCV RNA was undetectable in the blood. After an initial response (serum creatinine dropping from 2.8 to 2.2 mg/dl), his renal function continued to deteriorate and in June 2016, he was initiated on maintenance hemodialysis. On December 10, 2017, we received a call for a kidney from a HCV-positive brain-dead donor. One kidney was accepted by a center that had a HCV-positive recipient. No center was willing to accept the other kidney. We discussed with the patient about the risk of contracting HCV infection and the possibility of treating infection after transplant. Having been successfully treated for HCV infection in the past, he accepted the offer, signed the informed consent, and the renal transplant was performed. At this time, he had normal liver allograft function.
Induction immunosuppression was methylprednisolone and two doses of basiliximab (20 mg). Maintenance immunosuppression was prednisolone, tacrolimus, and MMF. Later, MMF was replaced by azathioprine as he developed intolerable gastrointestinal side effects.
The donor's hepatitis C viral load was 19,789,048 copies/ml. The recipient's HCV RNA was undetectable before kidney transplant and 1 week after transplant, it was 992,920 copies/ml. During the period that he was HCV positive, he developed no complications reported to be associated with HCV positivity in kidney transplant patients. His glycemic control remained good as well, without any increase in antihyperglycemic agents.
Once his renal function stabilized and his estimated glomerular filtration rate improved to >30 ml/min/1.73 m 2 , he was treated with a dual oral regimen of daclatasvir plus sofosbuvir. His viral load was undetectable at 4 weeks and he attained a sustained virologial response (defined as aviremia 24 weeks after completion of antiviral therapy).
disCussion
Pereira et al. [4] have shown that the high risk of transmitting HCV by organ transplantation and HCV infection post kidney transplant is associated with various complications. Increase in secondary infections, [7] [8] [9] [10] posttransplant diabetes mellitus, [11] lymphoproliferative disorders, myeloma, [12, 13] risk of hepatocellular carcinoma, liver cirrhosis, and excess of cardiovascular-associated mortality [14] have all been reported with hepatitis C infection postkidney transplant. An overall increased mortality has been reported in uninfected patients who receive kidneys from HCV-infected donors. [3] For the above reasons, most centers are reluctant to accept kidneys from a HCV-positive brain-dead donor for a HCV-negative recipient.
With the new DAAs resulting in sustained virologic response, one would expect such complications to not occur after kidney transplant. The DAAs for HCV are NS5A inhibitors, NS5B inhibitors, and NS3/4A protease inhibitors. Sofosbuvir, the most commonly used DAA, is an NS5B inhibitor, while daclatasvir is a NS5A inhibitor. Interaction with immunosuppressive agents is not expected as sofosbuvir and daclatasvir are not substrates of the cytochrome P450 isoenzymes 3A4/5 or the drug transporter P-glycoprotein.
Treatment with DAAs for HCV postkidney transplantation was reported in two studies. Both used sofosbuvir-based regimens and showed a 100% sustained virological response at 12 weeks. Drugs were well tolerated with no significant adverse events or rejection episodes. Improved hepatic function post-HCV viral clearance was believed to be the cause of posttreatment 45% decrease in tacrolimus trough levels despite no dose reductions in tacrolimus. [15, 16] None of the HCV-associated complications were seen during the period our patient was HCV positive. HCV infection is known to have diabetogenic effect by causing insulin resistance, decreased hepatic glucose uptake and glycogenesis, and a direct cytopathic effect of the virus on pancreatic beta-cells. [17] With this, one would expect glycemic control to worsen and need for antihyperglycemic agents to increase. This however was not seen in our patient and in fact his glycemic control was better and requirement of antihyperglycemic agents was lower than that required before kidney transplant.
There has been great debate regarding immunosuppression in HCV-positive recipients. While cyclosporine may have an advantage over tacrolimus as it inhibits the intracellular replication of HCV, [18] independent of its immunosuppressive activity, this antiviral effect remains suspect. [19, 20] Data regarding MMF are also conflicting. An increase in viral replication was seen in the study by Rostaing et al., [21] but the USRDS registry reported a better graft survival than in those on other immunosuppressive therapy. [20] Goldberg et al. [6] in their THINKER trial used standard induction and maintenance immunosuppression with no increase in complications.
In summary, our case shows that transplantation of kidneys from HCV-infected donors into HCV-negative recipients, followed by the use of DAA agents, can provide potentially excellent allograft function with a cure of HCV infection.
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